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METHODS AND SYSTEMS FOR DECOUPLING 
THE STABIUZATION OF TWO LOOPS 

TECHNICAL FIELD 

[001] The invention relates to electronic circuits. More particularly, it relates to 
methods and circuits for stabilizing two associated current loops within an 
electronic circuit. 

BACKGROUND OF THE INVENTION 

[002] Many electronic circuit applications require maintaining the stability of 
more than one sub circuit loop within a larger circuit. Challenges can arise, 
however, when the loop stability requirements come into conflict. For example, 
in some applications it Is desirable to use low dropout regulators (LDOs) that 
have high stability at very low capacltive loads. This Is attractive for reducing 
the cost associated with using additional external components. Also, portable 
applications require low dropout voltages and very low power consumption in 
order to accommodate battery-power limitations. A representative example of a 
low dropout regulator, In this case a PMOS LDO 10 known in the arts is shown in 
Figure 1. A common approach to meeting these often conflicting design 
requirements is to use Miller compensated PMOS LDOs with quiescent current 
boosting techniques. Referring to Figure 2, an example of this prior art approach 
is shown. The circuit 12 uses PMOS transistors to ensure low dropout. Miller 
compensation adds a compensation capacitor Cc because the load capacitance Q. 
is not large enough to produce a useable dominant pole. Quiescent current 
boosting dependent upon sensed current output is used to conserve power 
under light load conditions. This is but one example of circuitry known in the 



1 



Attorney Docket No. n-36957 



arts where stability problems addressed by the invention may be used. The 
examples herein are presented for illustrative purposes and those skilled in the 
arts will recognize that the Invention may be practiced In a variety of contexts 
requiring the stabilization of two loops. 

[003] Given a low dropout regulator (LDO), in this case a PMOS LDO 10, a 
current sensing circuit 14 is configured to sense the output current and limit the 
maximum amount of current provided by the LDO 10 in the case of a short 
circuit at the output, node Nl, of the LDO 10. The current sensing circuit 14 is 
based on the use of a sense FET M2 and a sense resistor Rs. The measurement 
of the voltage drop across the sense resistor Rs is as a proxy for the total output 
current through the power transistor M3. A pull-up transistor Ml is used to pull 
up the gate of the power transistor M3 when a comparator 16 has detected that 
a predetermined threshold of maximum current has been exceeded. A buffer 18 
between node Nl and node N3 is used to isolate the gate capacitance of the 
power transistor M3 from the high impedance at the output of the error amplifier 
20. The quiescent current of the buffer 18 is dynamically boosted directly 
proportional to the current of the load II in order to provide for stability. For this 
reason, the pull-up transistor Ml drain Dl is connected at node Nl, because if 
connected directly to node N3, it would have to fight against the boosted output 
stage of the buffer 18 to pull the power device M3 gate up under current limit 
conditions. 

[004] By further consideration of Figure 2 it may be seen that the cun-ent limit 
control loop 12 includes the comparator 16 and pull-up transistor Ml, In essence 
forming a two-stage amplifier circuit. The common method known in the arts for 
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compensating a two-stage amplifier circuit is to use l^iller compensation. Adding 
a compensation capacitor Cx between node Nl and node N2 to compensate the 
current limit loop 22 is the standard approach. However, this compensation 
capacitor Cx introduces trade-offe In the performance of the LDO 10. 

[005] There are at least two general classes of difficulties with this 
compensation approach. First, for the purpose of example, it Is assumed that 
the error amplifier 20 has only one gain stage. Using the example of a folded 
cascode, In this case the Miller compensation splits the poles at node Nl, the 
high impedance node of a folded cascoded amplifier, and node N4. Adding the 
compensation capacitor Cc between node Nl and node N4 adds to the overall 
capacitance at the high Impedance node Nl of the folded cascode. Assuming 
that the capacitance Cx used to compensate the current limit loop 22 is smaller 
than the Miller compensation capacitor Cc used for the LDO loop 10, this 
increased capacitance reduces the overall slew rate of the amplifier 20. The 
reduced slew rate is undesirable, as it degrades the transient response of the 
LDO 10. Alternatively, In an effort to achieve a better Power supply rejection 
ratio (PSRR) by using compensation to a low Impedance node, connecting the 
compensation capacitor Cc to the source of the common gate transistor in the 
folded cascode instead of to high impedance node Nl, the trade-offs are more 
severe. Not only does the transient response suffer, but also the LDO 10 may 
become unstable. It Is desirable to keep the capacitance at node Nl to a 
minimum because the pole at node Nl Is not split by Miller compensation. Also, 
since Nl is a high impedance node, any capacitance may create a significant pole 
that would degrade stability. In conflict with this consideration, sufficient 
minimum capacitance is required in order to stabilize the current limit. If the 
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maximum capacitance tolerable for LDO 10 stability and node Nl is smaller than 
the minimum required capacitance for stability of the current limit, it is 
impossible to stabilize both simultaneously. 

[006] A second set of difficulties arises for a three gain-stage LDO. In this case, 
we assume for the purposes of example that the error amplifier 20 is a two-stage 
amplifier, and that node Nl is the second high Impedance node of the error 
amplifier 20. The first high Impedance node pole of the amplifier 20 Is split by 
the Miller compensation capacitor Cc. Thus, similar to the case of compensation 
to a low impedance node as described above, node Nl provides a pole that is 
not split by the Miller compensation. Thus, it is desirable to keep the 
capacitance at node Nl at a minimum for LDO 10 stability. On the other hand, 
sufficient compensation capacitance is required for maintaining current limit loop 
stability. Again, It may be Impossible to compensate both the LDO 10 and 
current limit loop 22 simultaneously. Additionally, the same trade-offs exist 
between the degradation of transient response and stability. 

[007] One potential solution to these problems using the prior art approach is 
the addition of a relatively large amount of capacitance at node N2 in an effort to 
make the pole at this node become dominant. This potential solution is costly in 
terms of requiring a relatively large die area. 

[008] It has been determined that these and other problems result from the fact 
that the stability of the loops in the circuit are coupled In terms^ of stability 
requirements. In this example, the capacitances affecting LDO stability and 
current limit stability inevitably afl'ect one another. Due to these and other 
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problems, it would be useful and advantageous to decouple the stability 
requirements of the loops within a circuit having an LDO in particular, and within 
a circuit having a main loop and a sensing loop In general. 

SUMMARY OF THE INVENTION 

[009] In carrying out the principles of the present invention, in accordance with 
preferred embodiments thereof, methods and circuits of the Invention provide for 
the Independent stabilization of two loops within a circuit. 

[010] According to one aspect of the Invention, a method of stabilizing two 
current loops within a circuit includes the steps of providing a main current loop 
for supplying current to a load and providing a sensing loop for monitoring the 
load current. A further step includes coupling the output of the main cun^nt 
loop and the output of the sensing loop such that the capacitances of each loop 
are Isolated from one another. The capacitances of each loop are selected to 
independently maintained stability within each loop. 

[Oil] According to an additional aspect of the Invention, a preferred 
embodiment is disclosed in which a circuit having a low capacltive load is 
provided with two stable current loop sub circuits. A main current loop is used to 
supply current to the load. The main current loop includes a compensation 
capacitor for maintaining loop stability. A sensing loop monitors the current to 
the load. The sensing loop has a compensation capacitor for maintaining loop 
stability. A transistor couples the output of an error amplifier with the output of 
the sensing loop such that the compensation capacitors of each loop are isolated 
from one another. 
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[012] According to yet another aspect of the invention, circuits and methods for 
stabilizing a circuit having a capacltive load on the order of approximately luF 
and having two current loop sub circuits are provided. A main current loop 
provides current to the load. A sensing loop monitors the current. The main 
current loop and the sensing loop are coupled such that a compensation 
capacitance supplied to each sub circuit loop individually will remain Isolated and 
will not be cumulative with respect to the remainder of the circuit. 

[013] According to still another aspect of the invention, preferred embodiments 
are implemented to provide low dropout regulator (LDO) circuitry. 

[014] The Invention provides technical advantages including but not limited to 
decoupling the stabilization of two loops within a circuit such that the required 
capacitance Is small, and die area is reduced, resulting In some instances in 
lower costs. The Inventions may be used with sensing loops Including but not 
limited to applications requiring current sensing, temperature sensing, or 
monitoring other circuit parameters. These and other features, advantages, and 
benefits of the present Invention can be understood by one of ordinary si<ill in 
the arts upon careful consideration of the detailed description of representative 
embodiments of the Invention In connection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[015] The present invention will be more clearly understood from consideration 
of the following detailed description and drawings In which: 
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[016] Figure 1 (prior art) is a scliematic diagram showing an example of a 
PI^OS LDO Icnown in tlie arts for demonstrating an application wliere a preferred 
embodiment of the Invention may be used; 

[017] Figure 2 (prior art) is a schematic diagram illustrating an example of an 
LDO circuit compensated as known in the arts for further demonstrating an 
application where a preferred embodiment of the invention may be used; 

[018] Rgure 3 is a schematic diagram depicting an example of an LDO circuit 
using a preferred embodiment of the invention; 

[019] Figure 4 is a close up schematic diagram of the portion of the circuit of 
Figure 3 illustrating an alternative embodiment of the invention; 

[020] Figure 5 is a close up schematic diagram of the portion of the circuit of 
Figure 3 illustrating an alternative embodiment of the Invention; and 

[021] Figure 6 is a graphical representation of examples of the operation of the 
methods and circuits of preferred embodiments of the invention. 

[022] References in the detailed description correspond to the references in the 
figures unless otherwise noted. Descriptive and directional terms used in the 
written description such as first, second, left, right, etc., refer to the drawings 
themselves as laid out on the paper and not to physical limitations of the 
Invention unless specifically noted. The drawings are not to scale, and some 
features of embodiments shown and discussed are simplified or amplified for 
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illustrating the principles, features, and advantages of the invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[023] In general the invention provides methods and circuits for decoupling the 
stability characteristics of loops within a circuit. Referring now primarily to 
Figure 3, an overview of the methods and circuits of the Invention is shown by 
this example of a schematic diagram of a circuit 30 wherein the stability 
characteristics of an LDO loop 10 and current limit loop 12 have been decoupled. 
Transistor M4 is shown coupled between the opamp 20 and buffer 18. The gate 
is connected to the output of the error amplifier 20, the drain, and to ground, 
and the source is connected to node N5. At node N5, a current source is 
coupled to a power supply and the compensation capacitor Cx of the comparator 
16. 



[024] Although a specific example of the Invention Is shown used in an LDO 
implementation with MOSFET transistors, it should be understood by those 
skilled in the arts that the invention may be employed In various current loops 
and using various alternative transistor types, for example, bipolar transistors. 
Also, the invention may be practiced in other contexts where sensing Is required, 
such as temperature-sensing or motion-sensing circuits, for example. In the 
circuit configuration 30 shown, the source of transistor 1^4 and the compensation 
capacitor Cx of the current limit loop 12 have been connected at node N5. In 
this arrangement, the stability requirements of the current limit loop 12 and the 
LDO loop 10 are decoupled. Examining node Nl, it may b'e seen that this node 
Is decoupled by the operation of transistor M4 from the capacitance Cx 
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connected at node N5. Because of this, the capacitance Cx may be increased to 
any required value for stability of the current limit loop 12 without detracting 
from the stability or transient response of the LDO loop 10. Transistor M4 is in 
the OFF state during no-load conditions because the voltage of node Nl traci<s 
the voltage of node N3. The gate voltage of the power transistor 1^3 is much 
lower than the 1^4 device turn-on voltage during no-load conditions. The current 
limit 12 does not engage In no-load conditions. Thus, compensation of the 
cun-ent limit loop 12 Is present only when the cun-ent limit engages at a pre- 
selected current threshold, at which point transistor M4 switches to its ON state 
as the voltage at node Nl drops sufficiently. Therefore, the stabilization solution 
of the invention does not require additional quiescent current at no-load. An 
additional advantage of the invention is that the required compensation 
capacitance Is small due to the Miller effect. 

[025] Close up schematic views of alternative examples of the connection of the 
compensation capacitor Cc to the error amplifier 20 for use with a preferred 
embodiment of the Invention, e.g. the circuit 30 of Figure 3, are shown In Figure 
4 and Figure 5. The two alternative embodiments are shown illustrating that the 
compensation capacitor Cc may be coupled to the error amplifier 20 at either of 
two internal nodes, e.g.; N6, N7. Referring first to Figure 4, preferably the 
compensation capacitor Cc is coupled to node N6. Node N6 is a low impedance 
node relative to the surrounding circuitry 20. The embodiment using a coupling 
to node N6 is preferred since it provides a better power supply rejection ratio 
(PSRR), as shown in Figure 6, with improved operation at higher frequencies. 
Figure 6 Is a graphical representation of the PSRR (y-axis) and frequency (x-axis. 
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kHz) of the embodiments of the invention represented in Figures 4 and 5, 
respectively. 

[026] Alternatively, as shown In Figure 5, the compensation capacitor Cc may 
be coupled to the error amplifier 20 at Its high Impedance node N7. Examination 
of Figure 4 and Rgure 5 reveals that for the purposes of AC analysis, the 
coupling to the compensation capacitor Cc in either case functions as a short 
circuit. As a result, the stabilizing effect of the compensation capacitor Cc is 
available when needed. The alternative embodiment using node N6 (Figure 4) 
offers an Improved slew rate over the prior art. This Implementation is generally 
prefen-ed due to the capability of using a smaller capacitor. Slew rate is a 
function of current divided by capacitance. 

[027] Thus, the invention provides improved loop stabilization methods and 
circuitry with favorable slew rates and PSRRs without the detriment of excessive 
capacitance due to the compensation requirements of sensing or control loops. 
While the Invention has been described with reference to certain illustrative 
embodiments, the methods and apparatus described are not Intended to be 
constmed In a limiting sense. Various modifications and combinations of the 
illustrative embodiments as well as other advantages and embodiments of the 
invention will be apparent to persons skilled in the arts upon reference to the 
description and claims. 
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